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The influence of the kallikrein-kinin system on the
characteristics of insulin receptors in rat skeletal
muscle during ischemia
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ABSTRACT
To investigate the role of kinins in ischemia, bradykinin and kininase I I inhibitor (captopril)
were injected to rats with acute ischemia of the hind limb. Maximum specific binding (Bsp%) of
insulin to hind limb muscle membranes as well as the number of insulin receptors were investigated. In ischemic rats glucose turnover was disturbed and its increased concentration in blood together with lowered binding of insulin were observed. Bradykinin and captopril normalized the glucose level, increasing insulin binding to membranes. Simultaneously, they elevated the number of
low-affinity insulin receptors in muscle membranes of ischemic rats. In the light of the obtained
results bradykinin and captopril seem to improve disturbed carbohydrate metabolism by affecting
the number of insulin binding sites in muscles.
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INTRODUCTION
Activation of the kallikrein-kinin system occurs in tissues when the balance between the need for oxygen and its supply is disturbed. This phenomenon can be
observed both in heart and skeletal muscle tissues (Needleman et al., 1975; Dietze et
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al., 1984). Tissue acidosis stimulates the activity of kallikreins leading to enhanced
release of kinins (Regoli et al., 1980; Dietze et al., 1982), which in turn directly or
by stimulation of prostaglandin synthesis stabilize a pool of cellular high-energy
compounds during both ischemia and reperfusion (Zhu et al., 1995). This protective
action is performed by stimulating of key enzymes of glucose metabolism and by
increasing the of oxygen supply due to a vasodilatative effect (Dietze et a l , 1982;
Kaley et al., 1985). The postulated mechanism of kinin action is enhancement of
prostacyclin and nitric oxide synthesis (Zhu et al., 1995). It is also known that
kinins can affect glucose and amino acids transport, probably by increasing sensitivity of tissues to insulin (Dietze et al., 1980). Particularly effective action of kinins
is observed in insulin deficiency conditions. However, the mechanisms by which
kinins improve metabolism have still not been elucidated. It can be presumed, that
insulin interaction with its cellular receptors may be involved to some degree - if not
deeply - in the action of kinins on metabolism and through this, their protective
effect on energetic processes arises. The effects caused by insulin in target tissues
do not depend only on the level of this hormone in the blood, its interaction with
membrane receptors that, transmit signals to the intracellular space also plays
a major role.
In the presented work we have analyzed the possible, up to now not investigated,
influence of the kallikrein-kinin system on insulin receptors number and insulin
binding to rat skeletal muscles during ischemia.

MATERIAL AND METHODS
Animals
Adult, healthy, male Wistar rats weighing about 130 g were used for experiment.
The animals were housed in room conditions (temp. 18°C, photoperiod 12:12 h)
with free access to water and food (LSM standard laboratory diet). A l l investigations were carried out taking into consideration the ethical aspects of the experimental procedure and were approved by of the Medical Academy Ethical Committee.
The animals were divided into four groups, 8 rats in each:
group I - rats with normal blood supply. One h before sampling animals were subcutaneously injected with 1 ml of 0.9% NaCl,
group I I - rats with acute 24 h ischemia of hind limb provoked by placing (under
narcosis) a subcutaneous tourniquet on the thigh at the level of inguinal ligament.
Like the control group, 1 h before sampling the animals received 1 ml of 0.9%
NaCl subcutaneously,
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group III - rats with acute 24 h ischemia. One h before sampling the animals were
injected with bradykinin (Serva - 0.32 mg/kg BW) dissolved in 1 ml of 0.9% NaCl,
group IV - rats with acute 24 h ischemia. One h before sampling the animals were
injected with kininase II inhibitor captopril (Sigma - 3 mg/kg BW) dissolved in 1 ml
of 0.9% NaCl.
Tissue sampling
One hour after injection, the animals were anaesthetized by intraperitoneal
35 mg/BW Inactin (Byk-Gulden). Blood samples were taken by a right ventricle
puncture. The obtained serum was used to determine glucose concentration (by the
glucose oxidase method). Muscle samples taken from the thighs of each rat were
immediately frozen in liquid nitrogen.
Determination of insulin receptors and mathematical analysis
Muscle tissue membranes were prepared according to the method of Havrankova et al. (1978). Incubation conditions were the same as described previously (Nowak
et al., 1993). As ligands both, unlabelled pork insulin (Novo Industri, Denmark)
and the hormone labelled with 125 iodine (specific activity 8.0 GBq/mg; OPiDI
Swierk, Poland) were used. In order to investigate insulin binding, 80 pg of
I-labelled hormone and varying amounts of unlabelled insulin were incubated
with muscle plasma membranes. The conditions of the reaction were chosen on the
basis of our own experience and literature data (Muggeo et al., 1979; Smith et al.,
1986; Scapin and Incerpi, 1992), which indicate that incubation for 18 h at +4°C is
optimal to obtain both steady state and the highest specific binding. The nonspecific binding of I-insulin was determined at 10 | i M concentration of unlabelled
insulin and substracted from the total binding of I-insulin at each concentration
of unlabelled hormone to obtain the specific binding. The nonspecific binding of
I-insulin was less than 5%. Maximum binding capacities of two classes of receptors and association rate constants (K ) were determined by Scatchard's method
(1949) using the LIGAND-PC v.3.1 computer program (Munson and Rodbard,
1980). The maximum binding capacity for each class of receptors was calculated
per milligram of membrane proteins determined according to the method of Lowry
et all. (1951).
Results were expressed as means ± SEM. The results were interpreted statistically according to one-way analysis of variance. Significance of differences between groups was calculated using a multiple range test. For P<0.05 differences
were considered statistically significant.
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RESULTS
Figure 1 presents Scatchard's plots which reflect the dynamics of insulin binding
to muscle membrane receptors. The characteristic curvilinearity observed in all cases suggests lack of homogenity of insulin receptors in muscle membranes in all of
the investigated groups of animals. This characteristic shape of the curves is interpreted as an indication of the presence of two pools of insulin receptors in muscle
membranes: high affinity insulin receptors (HAIR) and low affinity insulin receptors (LAIR). According to this interpretation, the generally accepted two-sites model
for insulin receptor assay was used.
During ischemia maximum specific binding of I-insulin (Bsp%) was slightly
reduced (Table 1). In the control group Bsp% equaled 4.0±0.5%, whereas acute
ischemia lowered this value to 3.2 ± 0.6%. Simultaneously, quantitative changes of
insulin receptors were noticed. In the ischemia group the number of high affinity
125
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Figure 1. Scatchard plots of I-insulin binding to muscle plasma membranes for HAIR (A) and
LAIR (B). B/F - bound to free insulin ratio. Results expressed as means and SEM for 8 animals
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TABLE 1
The effect of bradykinin or captopril in acute ischemia on glucose concentration in blood serum and
insulin receptors content as well as insulin binding to muscle membranes (n=8, ±SEM)
Ischemia
Control

Ischemia

+

+
captopril

bradykinin
Specific binding, %
HAIR, fmol/mg protein
Ka for HAIR, 1/nmol
LAIR, pmol/mg protein
Ka for LAIR, 1/umol
Glucose, mmol/1

4.0±0.5
29.5±3.5
5.2±4.1
3.3±0.7
9.2±4.5
4.9±0.1

ac

ac

a

ac

3.2±0.6
12.2±5.5
10.1±7.8
8.4±2.3
8.4±3.9
5.7±0.1

b

b

b

b

C

4.7± 0.6
32.1± 5.9
35.4±18.9
36.4± 6.2
3.7± 2.8
5.0± 0.1

C

C

c

3.8± 0.6
13.5± 4.5
36.8±22.7
19.5± 3.3
2.8± 3.1
5.1± 0.1

c

a,b,c - P< 0.05

insulin receptors (HAIR) decreased from 29.5±3.5 fmol of binding sites per 1 mg of
membrane protein was reduced to 12.2±5.3 fmol/mg. On the other hand, the number
of low affinity insulin receptors (LAIR) increased from 3.3±0.7 to 8.4±2.3 pmol/mg.
A l l of these changes were significant.
Administration of bradykinin to ischemic rats recovered or even improved the
maximum specific binding of insulin with skeletal muscle membranes (4.7±0.6%).
This change of insulin binding is significant in comparison with muscles of ischemic rats. Also, after bradykinin injection, the number of binding sites increaseds.
The number of HAIR returned to the control value (32.1±5.9 fmol/mg) whereas the
number of LAIR was highly elevated. Simultaneously, glucose concentration, which
was high in ischemic animals, decreased after bradykinin injection to a level close to
control values.
Injection of captopril also caused an increase of maximum specific binding of
insulin to muscle membranes (3.8 ± 0.6%) in comparison with the ischemic group.
This increase was not as high as observed for bradykinin but was accompanied by
significant enlargement of the low affinity receptor pool (19.5±3.3 pmol/mg). Simultaneously, level of glucose in blood decreased significantly in comparison with
ischemic rats.

DISCUSSION
The molecular mechanisms of kinin action have not been elucidated conclusively. It is not clear if these compounds influence only transmembrane glucose transport, or whether they also change tissue sensitivity to insulin, altering binding of
this hormone to its receptors. The number of insulin receptors, commonly present
on cell membrane surfaces, varies significantly, depending on the type of cell and
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physiological condition of the organism. It is influenced by many physiological and
pathological factors (Gammeltoft, 1984). Muscles contain, like other tissues, two
classes of insulin receptors. Both classes of binding sites that differ in affinity to
insulin, can be responsible for reaction to this hormone. As a rule, muscles are
treated as an insulin target tissue (Gammeltoft, 1984). However, in contrast with
the liver, the insulin concentration entering muscles is many times lower. Thus, a
class of high affinity insulin receptors, receptors which respond to physiological
concentrations of insulin in blood, seem to play a main role. Furthermore, the exceptionally high number of LAIR noticed in the muscles is hard to explain. However, we have noticed elevation of the quantity of LAIR before. Similar results were
obtained investigating insulin receptors in rat muscles during hypothermia. Elevation of the LAIR content in hypothermia improves insulin binding to muscles (Torlihska et al., 1996) and seems to be a mechanism which is responsible for maintaining both the physiological concentration of glucose in blood and proper carbohydrate utilization, including glycogen storage. A similar situation was observed in
the present experiments. Ischemia, which disturbs the natural functioning of muscles, influences glucose turnover in the whole body and leads to enhancement of the
glucose level in blood. A slight increase in LAIR during acute ischemia is probably
a defense reaction against the pathological state. Injection of bradykinin improves
insulin binding to muscle membranes probably by the observed significant elevation
of the number of low affinity receptors. This focus, in turn, is probably responsible
for improvement of carbohydrate turnover and restoring the glucose concentration
in blood to the control values. However, the mechanism by which bradykinin influences the number of insulin receptors is hard to explain. It is not known if this kinin
stimulates the synthesis of new receptor particles, or, by changing the conformation
and fluidity of membranes, enables insulin binding to unoccupied receptors present
in the membrane. Both ways, discussed in papers, are a possible mechanism of
action of many different biologically active substances (Leal et al., 1992; Sesti et al.
1992). On the other hand, authors postulate some cross-link between insulin and
bradykinin receptors at the stage of postreceptors intracellular events. Signals from
the insulin receptor probably modify signaling from the bradykinin receptor to tyrosine phosphorylation of different cellular proteins. Protein kinase C isoforms activated by bradykinin receptors can also exert a regulatory effects on insulin receptors (Haring et al., 1996).
The decrease in the blood glucose level noticed in our study is in good agreement
with the results obtained by other authors. Bradykinin not only increases insulin
secretion in vitro and may play a similar physiological role in vivo (Yang and Hsu,
1995; Saito et al., 1996), but also mimics insulin action on translocation of glucose
transporters (GLUT1 and GLUT4) in muscles (Rett et al., 1996). As the effect of
bradykinin action, increased glucose uptake and increased sensitivity of tissues to
insulin is observed (Kohlman et al., 1995). Kininase I I inhibitors also seem to
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influence carbohydrate metabolism. Trandolapril improves the sensitivity of glycogen synthesis to insulin in the soleus muscle (Leighton et al., 1996). Captopril can
improve the glucose transport system in skeletal muscles and this improvement,
according to Henriksen and Jacob (1995), involves bradykinin metabolism (Henriksen et al., 1996). Bradykinin, in turn, according to some recent concepts, can
influence tyrosine kinase and tyrosine phosphatase activity leading to phosphorylation of MAP kinases and probably activating the Ras GTP/Raf pathway. To these
postulated ways of bradykinin action we add one more - bradykinin enhances the
number of insulin receptors. Captopril shows similar properties and seems to act in
the same way. This is in a good agreement with results obtained by Rett et al. (1996)
who revealed a higher rate of elimination and utilization of glucose after administration of captopril. Similar results were also obtained by Kozlik (1996) after application of kallikrein-kinin system modifiers in streptozotocin-induced diabetes.
In conclusion, we find state that bradykinin as well as captopril can improve
carbohydrate metabolism disturbed in ischemia, and one of the possible ways of
action is augumentation of insulin receptor number, which, as a consequence,
improve hormone binding to muscle membranes.

CONCLUSIONS
Ischemia lowers specific binding of insulin to muscle membrane receptors changing the number of both high- and low-affinity binding sites, resulting in an elevation
of the blood glucose level.
Bradykinin and captopril improve carbohydrate metabolism in ischemic animals
elevating the number of low-affinity insulin receptors and increasing insulin binding
to muscles.
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STRESZCZENIE
Wplyw ukladu kalikreiny-kininy na charakterystykf receptora insuliny w mi^sniach szkieletowych szczura podczas niedokrwienia
W celu przebadania roli kinin w niedokrwieniu, wstrzykiwano szczurom z ostrym niedokrwieniem bradykinin^ oraz kaptopril - inhibitor kininazy II. Badano specyficzne wiazanie insuliny (Bsp%)
do blon mie^sni udowych jak rowniez liczbQ receptorow tego hormonu. U szczurow z niedokrwieniem wystaj)ily zaburzenia metabolizmu glukozy objawiajace sie; podniesionym jej st^zeniem we
krwi, czemu towarzyszylo zmniejszone wiazanie insuliny. Bradykinina i kaptopril normalizowaly
stQzenie glukozy zwiejcszajac wiazanie insuliny z blonami. Jednoczesnie zwiejcszaly one w blonach
miQsniowych szczurow z niedokrwieniem liczbe^ receptorow o niskim powinowactwie. W swietle
uzyskanych wynikow bradykinina i kaptopril wydaja^ sie; usprawniac zaburzony metabolizm wQglowodanowy wplywaja^c na liczbQ miejsc wia.za.cych insulin^ w mieiniach.

